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(54) Tide: METHOD OF SEALING A PORT TUBE IN A CONTAINER 

(57) Abstract 

The present invention provides a 
method for connecting rounded mem- 
bers (14) between planar members (16) 
comprising the steps of providing a 
rounded member (14) having an outer 
layer (20) having a first melting tem- 
perature range and an inner layer (22) 
concentrically disposed within the outer 
layer and having a second melting tem- 
perature range, the second melting tem- 
perature range being warmer than the 
first melting temperature range, provid- 
ing a pair of opposed planar members 
(16), the planar members (16) each hav- 
ing a melting temperature within the 
first melting temperature„range s _posi- 
tioning an end portion (14a) of the rounded member (14) between perimeter edges (18) of the pair of planar members (16) to define 
an interface area (26), applying pressure to the interface area (26) to collapse the end portion (14a) of the rounded member (14) to essen- 
tially a flattened position, applying sealing energy to the interface area (26) to heat the rounded member (14) to a temperature within the 
first melting temperature range but below the second melting temperature range, thereby forming a weld between the planar members (16), 
and the rounded member (14) in the interface area (26), and, releasing the pressure to the interface area (26) wherein the end portion (14a) 
of the rounded member (14) returns to an open position. 
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Description 

Method Of Sealing A Port Tube In A Container 

Technical Field 

This invention relates generally to a port tube for 
use with containers and more specifically to a method for 
attaching a coextruded port tube to a medical grade 
container such as an I.V. bag. 
5 Background Art 

In the medical delivery field, beneficial agents are 
packaged in flexible containers such as I.V. bags and are 
ultimately delivered through tubing such as an 
administration set to patients to achieve therapeutic 

10 effects. Port tubing is a necessary feature of the 
container and provides access to the contents of the 
container. I.V. bags are most commonly fabricated from 
polymers such as polyvinyl chloride, ethylene vinyl 
acetate, or polyolefin alloys, such as those disclosed in 

15 co-pending and commonly assigned U.S. Patent Serial No. 
08/153,823. The I.V. containers usually have two 
confronting walls or panels that are attached to one 
another along a peripheral seam to make a fluid tight 
compartment . 

2 0 Conventional containers employ port designs from one 

of two broad categories, panel ports and edge ports. 
Panel ports are attached to the container on a panel and 
are often centrally disposed. The panel port extends 
perpendicularly from the face of the panel . Edge ports 

25 are attached between the two panels along a peripheral 

seam of the container and extend parallel to the panels . 

Panel ports are easily installed but have a number 
of drawbacks. First, panel ports, by design, necessitate 
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the use of one or more injection molded parts. These 
injection molded parts are costly, especially at lower 
production volumes. Containers having panel ports also 
have the undesired tendency to retain a residual volume 
of fluid due to incomplete drainage. 

Edge ports have a different set of design issues. 
Edge ports are prone to a defect known as "channel leak." 
Channel leak occurs along the port tube and results from 
an incomplete seal between the planar surfaces of the 
panels and the rounded surface of the port tube. Channel 
leak is more likely to occur when the container is 
fabricated from material that has a high modulus, and 
especially when using thin layers of such a stiff 
material, as the material will have a tendency to crease 
upon folding. 

Prior attempts at overcoming the channel leak 
problems have led to the use of injection molded parts. 
These parts are^ commonly used in containers constructed 
from biaxially oriented nylon, foil, TEFLON®, polyester, 
and multilayer structures containing these polymers or 
inelastic materials. The injection molded parts are 
inserted between the panels and, in most instances, have 
a tapered outer profile. The purpose of the taper is to 
provide fillet material to the area where channel leak is 
likely to occur. Again,, these injection molded parts are 
quite expensive, especially in low volume production. 

United States Patent No. 4,023,607 discloses a 
polyethylene urine bag having a polyethylene tubing 
inserted therein to provide access to the interior of the 
bag. The tubing is attached between two polyethylene 
"film sheets that constitute the side walls of the bag. A 
heat sealing technique is used to seal the tube to the 
side walls. Shaped dies, as shown in Fig. 2 of the '607 
Patent, are used in the heat sealing step. The tubing is 
"somewhat compressed" in the direction of the motion of 
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the sealing dies during the heat sealing process. The 
'607 Patent does not fully compress the tubing to a 
flattened state and therefore requires attaching the 
container sidewalls to a rounded member. Such a 
5 procedure may lead to channel leak because it is 

difficult to form a good weld between planar members and 
rounded members . 

The present invention is provided to solve these and 
other problems . 

10 Disclosure of Invention 

The present invention provides a method for 
connecting rounded members, such as port tubes, between 
planar members, such as the panels of I.V. bags. The 
method comprises several steps. The first step is 

15 providing a rounded member having a first or outer layer 
having a first melting temperature range, and a second or 
inner layer concentrically disposed within the outer 
layer and having a second melting temperature range, 
where the second melting temperature range is higher than 

20 the first melting temperature range. The second step is 
providing a pair of planar members having a melting 
temperature range within the first melting temperature 
range. In the third step, an end portion of the rounded 
member is positioned between perimeter edges of the pair 

25 of planar members to define an interface area. Pressure 
is applied to the interface area to collapse the end 
portion of the rounded member to essentially a flattened 
position. Sealing energies are applied, such as heat 
energy, to the interface area to heat the tubing to a 

3 0 temperature within the first melting temperature range 
but below the second- rneitring temperature range , thereby 
forming a weld in the interface area. The pressure is 
released to the interface area wherein the end portion of 
the rounded member returns to a generally rounded 

3 5 position or some approximation thereof to an open 
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position. In such a method, a seal can be formed without 
the use of a mandrel . 

By collapsing the tubing at the time of sealing to 
the planar members, stress in the planar members is 
5 minimized because both the collapsed tubing and the 
planar members are flat or nearly flat when they are 
joined together. The incidence of channel leak is 
reduced because the planar members are sealed on a flat 
or nearly flat surface instead of having to form over a 

10 round surface. 

Further, compressing the tubing to a flattened 
position provides the additional benefit of causing the 
sidewalls of the tubing to contact each other so that the 
die can compress the tubing and cause the first layer of 

15 the tubing to flow outward toward rounded end segments of 
the tubing to provide fillet material to the weld in the 
end segment area. The material of the first layer is 
essentially squeezed into the area where welding material 
is most needed. This helps reduce the incidence of 

2 0 channel leak . 

Flattening the tubing during the sealing step also 
provides advantages during the manufacturing of 
containers over methods that seal over rounded tubing. 
In sealing planar sidewalls over a rounded tubing, a 

2 5 portion of the planar material in the side where the 

tubing is inserted conforms to the curved surface of the 
tubing. This causes a reduction in this side dimension 
in a linear direction in an amount proportionate to the 
diameter of the tubing. For containers that have a port 

3 0 tube only on one end of the container, the end of the 

container with the port tube will have a reduced linear 
dimension than the non- tubing end. 

This discrepancy in dimensions on opposite ends of 
the planar members can cause ripples in the film in the 
3 5 side with the longer dimension an cause a crease in the 
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seam which in turn can lead to channel leak. This 
discrepancy in dimensions may also lead to jamming of the 
container processing machinery or lead to other damage to 
the containers during processing. The dimensional 
5 differences in the planar material, which may be slight 
for a single container, can be multiplied in 
manufacturing processes that provide for forming multiple 
containers at a time from confronting webs of planar 
material . 

10 Providing tubing material having multiple layers 

provides other benefits. For example, one can choose a 
material on the outside of the tubing that is compatible 
with the planar members and have an inner layer that is 
capable of being bonded to other materials using solvent 

15 bonding techniques. It is desirable to use polyolefins 
for tubing as they have many desirable characteristics. 
However, polyolefins, due to their inert nature, are 
typically not capable of being bonded using standard 
solvent bonding techniques. Materials such as PVC, on 

20 the other hand, bond well using solvent bonding 

techniques. Thus, in a multi-layered tubing it may be 
desirable to have an outer layer of a polyolefin that 
bonds well to the sheeting material and an inner layer 
material which is capable of solvent bonding to port 

25 closures, tubing harnesses, and other container access 
features . 

The present invention also provides for sealing 
rounded members to planar members as described above but 
including the use of a mandrel. In this instance, there 
3 0 does not have to be a temperature difference between 
inner and outer tubing layers. 

The present invention also provides for a tubing 
that has an outer layer capable of being thermal welded 
and an inner layer capable of being sealed using radio 
35 frequency energies. The inner and outer layers will have 
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melting temperature differentials described above and be 
capable of being sealed inside a container using the 
above described process. Additional components may be 
attached to the port tube using RF sealing techniques. 

The present invention further provides tubing having 
greater than two layers. 
Brief Descript ion of Drawing* 

FIG. 1 is a front elevational view of a container 
having a pair of port tubes seaied in a perimeter edge of 
the container in accordance with the present invention; 

FIG. 2 is a schematic cross-sectional view of a two- 
layered coextruded tube made in accordance with the 
present invention; 

FIG. 2a is a cross-sectional view of a three-layered 
coextruded tube made in accordance with the present 
invention 

FIG. 3 is an end view of a port tube collapsed to a 
flattened position; 

FIG. 4 is a cross -sectional view showing the port 
tube in a perimeter edge of the container between flat 
welding dies; 

FIG. 5 is a cross -sectional view showing the port 
tube in the container between a first set of shaped 
welding dies, where the dies are partially open; 

FIG. 6 is a cross -sectional view showing the port 
tube and container of FIG. 5 where the dies are closed; 

FIG. 7 is a cross-sectional view showing the port 
tube and container of FIGS. 5 and 6 between a second set 
of shaped dies where the dies are closed; 

FIG. 8 is a cross-sectional view showing a pair of 
port tubes being sealed simultaneously in a perimeter 
edge of a container; and 

FIG. 9 is a schematic view of a fluid administration 

set . 
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Best Mode for Carrying Out the Invention 

While the invention is susceptible of embodiment in 
many different forms, there is shown in the drawings and 
will herein be described in detail preferred embodiments 
5 of the invention with the understanding that the present 
disclosure is to be considered as an exemplification of 
the principles of the invention and is not intended to 
limit the broad aspect of the invention to the 
embodiments illustrated . 

10 Referring now to the drawings, FIG. 1 shows a 

container assembly, such as an I.V. bag, generally 
designated by the reference numeral 10. The assembly 10 
includes a container 12 having port tubes 14 sealed in a 
perimeter edge of the container 12. The container 12 

15 includes a pair of facing planar members 16, which are 
joined at their perimeter edges 18 and 22 (FIG, 4) to 
define a fluid compartment 23 therebetween. The planar 
members 16 can be constructed from a number of different 
materials including polyvinyl chloride, polyolefins, 

20 polyolefin copolymers, polyolefin alloys, and other 

materials as will be described in greater detail below. 

FIG. 2 shows port tubing 14, including first or 
outer layer 20 and a second or inner layer 22 and a fluid 
passageway 25. The outer layer 20 has a first melting 

25 temperature range (Tl) of about 60°C-180°C, more 

preferably about 70°C-125°C and most preferably about 
70°C-100°C and any combination or subcombination of 
ranges therein. The inner layer 22 has a second melting 
temperature range (T2) of about 70°C-260°C, more 

30 preferably about 70°C-150°C and most preferably about 
120°C-125°C and any combination or subcombination of 
ranges therein. The second melting temperature range T2 
is preferably warmer than the first melting temperature 
where the difference between T2 and Tl is within a range 
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of 1°C-200°C. However, it is not necessary to have a 
temperature difference if using a mandrel. 

As will be discussed in detail below, the port 
tubing 14 may be sealed to the planar members 16 using 
5 any energy source which causes melting of the sealing 

layers to form a weld between the port tubing 14 and the 
planar members 16. These energy sources include, but are 
not limited to, impulse welding techniques, constant 
temperature equipment, or induction welding techniques 

10 such as radio frequency. Any of these sealing energies 
whether causing heating through induction or conduction 
shall be collectively referred to as sealing energies. 

The inner layer 22 should have a thickness within 
the range of 0.0001-0.010 inches, and the outer layer 20 

15 should have a thickness within the range of 0.005-0.015 
inches. The tubing 14 should have a combined wall 
thickness within the range of 0.005-0.025 inches. 

Preferably for medical applications, the tubing wall 
thickness is negligible when compared to the inner 

20 diameter of the tubing. Thus, there is little difference 
between the inner and outer diameters of the tubing. For 
this reason, we shall generally refer to the tubing 
diameter without distinguishing between inner and outer 
tubing diameters. With this being stated, the port 

25 tubing 14 has a diameter from 0.10-1.0 inches. One of 
the advantages of the present invention is that a port 
tubing 14 may be sealed inside a container 12 without 
using a mandrel because the heat sealing process is 
controlled so that the outer layer 20 melts without 

30 melting the inner layer 22. Using a mandrel limits the 
length of a port tube as the mandrel must be inserted 
through a distal end of the tubing 14 into the fluid 
passageway 25 and into an area where the tubing 14 is 
sealed to the planar members 16. It is not practical to 

35 insert a mandrel through a long length of tubing. Thus, 
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disposing of the need for a mandrel allows the port 
tubing 14 to be of a standard length of 0.375-1.0 inches 
as shown in Figure 1, or extend from the container 12 to 
the patient and serve as a fluid administration set 26 as 
5 shown in Figure 9 . 

The inner layer 22 should be composed of 
polyolefins, polyolefin copolymers, polyolefin alloys, 
polyamides, polyesters, and polyvinyl chloride (PVC) and 
block copolymers such as polyester-polyether block 

10 copolymers such as those sold under the trademark 

HYTREL®. Most preferably, the inner layer 22 is composed 
of polyvinyl chloride, as PVC is capable of being bonded 
using solvent bonding techniques. The PVC should have a 
melting temperature range of about 70°C-140°C. 

15 The outer layer 2 0 of the port tubing 14 is 

preferably composed of a polyolefin, polyolefin 
copolymers, or a polyolefin alloy. The polyolefin 
copolymers are from the reaction of an olefin monomer 
copolymerized with comonomers selected from aliphatic 

20 olefins, alpha-olef ins , acrylic acid, methacrylic acid, 

ester derivatives of acrylic acid with alcohols having 1- 
10 carbons, ester derivatives of methacrylic acid with 
alcohols having 1-10 carbons, vinyl acetate, vinyl 
chloride and vinyl alcohol . More preferably the outer 

25 layer is an ethylene based copolymer consisting of 

ethylene copolymerized with a comonomer selected from the 
group of alpha-olef ins, methyl acrylate, and vinyl 
acetate. Most preferably, the ethylene copolymer is a 
copolymer of about 85-95 mole percent ethylene and about 

30 15 to about 5 mole percent butene-1. This copolymer will 
be referred to as an ultra-low density polyethylene 
(ULDPE) and is sold under the trade name TAFMER®. 

Suitable polyolefin alloys include those disclosed 
in commonly assigned U.S. Patent Serial No. 08\153,823. 

3 5 For example, it may be desirable to use multiple 
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component polymer alloys, such as a 3-5 component polymer 
alloys that are RF responsive or RP susceptible. What is 
meant by RF susceptible is that the material will have a 
dielectric loss when excited with a signal having a 
frequency between 1 and 6 0 MHz, and between the 
temperature range of 25-250 °C, greater than or equal to 
0.05 and more preferably greater than or equal to 0 . 1 

In a first embodiment of an acceptable three 
component polymer alloy that is RF responsive, the first 
component will confer heat resistance and flexibility to 
the composition. This component may be selected from the 
group consisting of amorphous polyalpha olefins and 
preferably is a flexible polyolefin. These polyolefins 
should resist distortions to high temperatures up to 
121°C, having a peak melting point of greater than 130°C 
and be highly flexible, having a modulus of not more than 
20,000 psi. Such a flexible polyolefin is sold under the 
product designation Rexene FPO 90007 which has a peak 
melting point of 145°C and a modulus of 11,000 psi. In 
addition, certain polypropylene s with high 
syndiotacticity also posses the properties of high 
melting point and low modulus. The first component 
should constitute from 40-90% by weight of the 
composition. 

The second component of the three component 
composition is an RF susceptible polymer which confers RF 
sealability to the composition and may be selected from 
either of two groups of polar polymers. The first group 
consists of ethylene copolymers having 50-85% ethylene 
content with at least one comonomer selected from the 
group consisting of acrylic a"cid, methacrylic acid, ester 
derivatives of acrylic acid with alcohols having 1-10 
carbons, ester derivatives of methacrylic acid with 
alcohols having 1-10 carbons, vinyl acetate, and vinyl 
alcohol. The RF susceptible polymer may also be selected 
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from a second group consisting of copolymers containing 
segments of polyure thane , polyester, polyurea, polyamide, 
polysulf ones, and polyamides. These functionalities may 
constitute between 5-100% of the RF susceptible polymer. 
5 The RF susceptible polymer should constitute by weight 
from 5-50% of the composition. Preferably, the RF 
component is copolymers of ethylene methyl acrylate with 
methyl acrylate within the range of 15-25% by weight of 
the polymer. 

10 The final component of the three component compound 

ensures compatibility between the first two components, 
and is selected from a styrene and hydrocarbon block 
copolymer and more preferably a styrene-ethylene-butene 
styrene block (SEBS) copolymer, styrenic block copolymers 

15 and most preferably SEBS block copolymer that is maleic 
anhydride f unctionalized. The third component should 
constitute by weight within the range of 5-3 0% of the 
composition. 

In a second embodiment of the three component 

20 polymer alloy, the first component confers RF sealability 
and flexibility over the desired temperature range. The 
first component confers high temperature resistance 
("temperature resistant polymer") and is chosen from the 
group consisting of polyamides, polyimides, 

25 polyurethanes , polypropylene and polymethylpentene . 

Preferably the first component constitutes by weight 
within the range of 30-60% of the composition, and 
preferably is polypropylene. The second component confers 
RF sealability and flexibility over the desired 

3 0 temperature range. The RF polymer is selected from the 
first and second groups identified above with the 
exception of ethylene vinyl alcohol . The second 
component should constitute by weight within the range of 
30-60% of the composition. The third component ensures 

35 compatibility between the first two components and is 
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chosen from SEBS block copolymers and preferably is 
maleic anhydride functionalized. The third component 
should constitute within the range of 5-30% by weight of 
the composition. 

As for four and five component polymer alloys that 
are RF responsive, the first component confers heat 
resistance. This component may be chosen from 
polyolefins, most preferably polypropylenes , and more 
specifically the propylene alpha-olefin random copolymers 
(PPE) . Preferably, the PPE's will have a narrow 
molecular weight range. However, by themselves, the 
PPE's are too rigid to meet the flexibility requirements. 
When combined by alloying with certain low modulus 
polymers, good flexibility can be achieved. Examples of 
acceptable PPE's include those sold under the product 
designations Soltex 4208, and Exxon Escorene PD9272. 

These low modulus copolymers can include ethylene 
based copolymers such as ethylene -co- vinyl acetate 
("EVA"), ethylene co-alpha olefins, or the so-called 
ultra low density (typically less than 0.90Kg/L) 
polyethylenes ( "ULDPE" ) . These ULDPE include those com- 
mercially available products sold under the trademarks 
TAFMER® (Mitsui Petrochemical Co.) under the product 
designation A485, EXACT® (Exxon Chemical Company) under 
the product designations 4023-4024, and INSITE® 
technology polymers (Dow Chemical Co.). In addition, 
poly butene-1 ("PB"), such as those sold by Shell 
Chemical Company under product designations PB-8010, PB- 
8310; thermoplastic elastomers based on SEBS block 
copolymers, (Shell Chemical Company) , poly isobutene 
(.tpjBi.) un d er t h e product designations Vistanex L-80, L- 
100, L-120, L-140 (Exxon Chemical Company) , ethylene 
alkyl acrylate, the methyl acrylate copolymers ("EMA") 
such as those under the product designation EMAC 2707, 
and DS-1130 (Chevron), and n-butyl acrylates ( "ENBA" ) 
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(Quantum Chemical) were found to be acceptable 
copolymers. Ethylene copolymers such as the acrylic and 
methacrylic acid copolymers and their partially 
neutralized salts and ionomers, such as PRIMACOR® (Dow 
5 Chemical Company) and SURYLN® (E.I. DuPont de Nemours & 
Company) were also satisfactory. 

Preferably the first component is chosen from the 
group of polypropylene homo and random copolymers with 
alpha olefins which constitute by weight approximately 

10 30-60%, more preferably 35-45%, and most preferably 45%, 
of the composition and any combination or subcombination 
of ranges therein. For example, random copolymers of 
propylene with ethylene where the ethylene content is in 
an amount within the range of 1*6%, and more preferably 

15 2-4%, of the weight of the polymer is preferred as the 
first component. 

The second component of the four component polymer 
alloy confers flexibility and low temperature ductility 
and is a second polyolefin different than that of the 

2 0 first component wherein it contains no propylene 

repeating units ("non propylene based polyolefin") . 
Preferably it is ethylene copolymers including ULDPE, 
polybutene, butene ethylene copolymers, ethylene vinyl 
acetate, copolymers with vinyl acetate contents between 

2 5 approximately 18-50%, ethylene methyl acrylate copolymers 

with methyl acrylate contents being between approximately 
20-40%, ethylene n-butyl acrylate copolymers with n-butyl 
acrylate content of between 20-40%, ethylene acrylic acid 
copolymers with the acrylic acid content of greater than 

3 0 approximately 15%. An example of these products are sold 

under such product designations as TAFMER® A-4085 
(Mitsui), EMAC DS-1130 (Chevron), Exact 4023, 4024 and 
4028 (Exxon) . More preferably, the second component is 
either ULDPE sold by Mitsui Petrochemical Company under 
35 the designation TAFMER A-4085, or polybutene-1 , PB8010 
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and PB8310 (Shell Chemical Co.), and should constitute by 
weight approximately 25-50% # more preferably 35-45%, and 
most preferably 45%, of the composition and any 
combination or subcombination of ranges therein. 

To impart RF dielectric loss to the four component 
composition, certain known high dielectric loss 
ingredients ("RF susceptible polymers") are included in 
the composition. These polymers may be selected from the 
group of RF polymers in the first and second group set 
forth above . 

Other RF active materials include PVC, vinylidine 
chlorides, and fluorides, copolymer of bis-phenol-A and 
epichlorohydrines known as PHENOXYS® (Union Carbide) . 
-However, significant contents of these chlorine and 
fluorine containing polymers would render the composition 
environmentally unsound as incineration of such a 
material would generate inorganic acids . 

The polyamides of the RF susceptible polymer are 
preferably selected from aliphatic polyamides resulting 
from the condensation reaction of di-amines having a 
carbon number within a range of 2-13, aliphatic 
polyamides resulting from a condensation reaction of di- 
acids having a carbon number within a range of 2-13, 
polyamides resulting from the condensation reaction of 
dimer fatty acids, and amides containing copolymers 
(random, block, and graft) . Polyamides rarely are found 
in the layer which contacts medical solutions as they 
typically contaminate the solution by leaching out into 
the solution. However, it has been found by the 
Applicants of the present invention that the most 
preferred RF susceptible polymer are a variety of dimer 
fatty acid polyamides sold by Henkel Corporation under 
the product designations MACROMELT and VERSAMID, which do 
not lead to such contamination. The RF susceptible 
polymer preferably should constitute by weight 
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approximately 5-30%, more preferably between 7-13%, and 
most preferably 10%, of the composition and any 
combination or subcombination of ranges therein. 

The fourth component of the composition confers 
5 compatibility between the polar and nonpolar components 
of the composition (sometimes referred to as a 
" compatibilizing polymer") and preferably is styrenic 
block copolymers with hydrocarbon soft segments. More 
preferably, the fourth component is selected from SEBS 

10 block copolymers that are modified by maleic anhydride, 
epoxy, or carboxylate functionalities, and preferably is 
an SEBS block copolymer that contains maleic anhydride 
functional groups ( "f unctionalized" ) . Such a product is 
sold by Shell Chemical Company under the designation 

15 KRATON® RP-6509. The compatibilizing polymer should 

constitute by weight approximately 5-40%, more preferably 
7-13%, and most preferably 10% of the composition and any 
combination or subcombination of ranges therein. 

It may also desirable to add a fifth component of a 

20 nonfunctionalized SEBS block copolymer such as the ones 
sold by Shell Chemical Company under the product 
designations KRATON G-1652 and G-1657. The fifth 
component should constitute by weight approximately 5- 
40%, and more preferably 7-13% and any combination or 

25 subcombination of ranges therein. 

Another acceptable polymer alloy is a blend of 
styrene-ethylene-butene-styrene ("SEBS") block copolymer 
(40%-85% by weight) , ethylene vinyl acetate (0-40% by 
weight) , and polypropylene (10%-40% by weight) 

3 0 The planar members 16 may be composed of PVC, 

polyolefins, polyolefin copolymers (as described above) , 
polyolefin alloys (as described above) , polyesters, and 
polyamides . Most preferably, the planar members 16 are 
composed of a polymeric material compatible with the 

35 first layer 20 and more preferably a polyolefin or PVC. 
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Preferably, the tubing 14 is constructed by 
coextruding the first and second layers 20 and 22 through 
a conventional coextruder die to produce a tubing 14 
having two distinct layers. Other manufacturing methods 
can also be used to produce a tube useful with the 
present invention although coextrusion is preferred. 

The port tubing 14 could also include additional 
layers, if desired. For example, it may be desirable to 
have a tie layer 24 between the inner 22 and outer layers 
20. (FIG. 2a) The tie layer 24 may be selected from 
modified polyolefins, and modified ethylene and propylene 
copolymers, such as those sold under the product 
designations Admer (Mitsui) , which is a maleic anhyrdride 
modified polypropylene, Prexar (Quantum Chemical Co.) and 
Bynel (Dupont) . The tie layer 24 should be as thin as 
practical and have a thickness from 0.0003 inches to 
0.0007 inches. If additional layers are used, it remains 
important that the melting temperature range T2 of the 
inner layer 22 be higher than the melting temperature 
range Tl of the outer layer 20 . 

Although a circular -shaped port tubing 14 is shown 
in FIG. 2, other tubing could be used having other cross- 
sectional shapes, including oval or polygonal cross - 
sections . 

To seal a rounded member such as the port tubing 14 
between the planar members 16 of the container 12, the 
port tubing 14 is collapsed to a flattened position using 
a die while applying sealing energies through the die. 
The sealing process may be carried out using flat or 
shaped welding dies. The dies are typical of those found 
in industry. The process will first be described using 
flat welding dies (FIG. 4) and then will be described 
using shaped welding dies (FIGS. 5-8) . 

FIG. 4 shows a pair of conventional flat, mating 
welding dies 32,34 used in the heat sealing process. An 
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end portion 14a of the port tubing 14 is positioned 
between the perimeter edges 18 of the pair of planar 
members 16 to define an interface area 26 . The interface 
area 26, as indicated by the arrows, includes the area 
5 where the planar members 16 bond to the tubing 14 . A 
portion 28 of each of the planar members 16 extends 
outward from the interface area 26. It is of couse 
possible to apply sealing energies through a single die 
without departing from the spirit of the invention. 

10 If desired, a flat shim, or mandrel can be inserted 

into the fluid passageway 25 of the tubing 14 in the 
interface area 26 to assure that the inner layer 22 of 
the tubing 14 will not be welded to itself during the 
sealing process and to allow for positioning of the 

15 tubing 14 in a desired orientation. The use of the 
mandrel is optional as its use may be avoided by 
carefully controlling the energy or heat applied in the 
process of the present invention. However, by using a 
mandrel there is no need to have a temperature difference 

20 between the inner and outer tubing layers 20,22. 

As further shown in FIG. 4, the interface area 2 6 is 
then positioned between the pair of flat welding dies 
32,34. - The welding dies 32,34 are closed to apply 
pressure to the interface area 26. The welding dies 

25 32,34 also apply sealing energies, such as heat, within 
the melting temperature range Tl . When the tubing 14 is 
collapsed to a flattened state, the compression of the 
die 32,34 will cause the material of the outer layer 20 
to flow toward rounded end members 36 of the tubing 14 to 

3 0 supply additional material or fillet material to a weld. 

This will improve the weld between the rounded members 3 6 
and the perimeter edges 18 and further reduce the 
likelihood of channel leak. 

FIG. 4 shows the end portion 14a collapsed to 

35 essentially a completely flattened position where the 



10 
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inner layer 22 of the port tubing 14 contacts itself. 
Sealing energy is applied through the welding dies 32,34 
to the interface area 2 6 to reach a temperature in the 
port tubing 14 within the first melting temperature range 
Tl but below the second melting temperature range T2 . 
The weld between the tubing 14 and the perimeter edges 18 
is thereby formed in the interface area 26. 

Specifically, the outer layer 20 of the port tubing 
14 and perimeter edges 18 of the planar members 16 soften 
and melt together at the interface area 26. Thus, the 
planar members 16 are welded around an entire periphery 
of the end portion 14a of the port tubing 14. 
Compressive forces are continually applied until the dies 
contact the planar members which linearly extend beyond 
15 the interface area 26, and are welded to each other as 
well . 

After the sealing process is complete, the welding 
dies 32,34 are opened, thereby releasing the pressure to 
the interface area 26. Because the sealing energy is 

20 applied at a temperature less than the melting 

temperature range T2 of the inner layer 22, the inner 
layer 22 does not melt and is not welded to itself. 
Therefore, the collapsed end portion 14a of the port 
tubing 14 then returns to a rounded or open position to 

25 provide a pathway for the contents stored in the 
container. 

An improved weld is provided by collapsing the port 
tubing 14 between the planar members 16 at the time of 
sealing. Stress in the planar members 16 adjacent to the 

3 0 weld is minimized because both the collapsed port tubing 
14 and planar members 16 are flattened when joined 
together. When sealing in this flattened position, 
pressure is applied normal to the planar members 16 
improving the adhesion between the outer layer 20 and the 

35 planar members 16 at the interface area 26. Also, the 
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planar members 16 are not required to be stretched about 
the outer circumference of a rigid port tubing 14 . 
Consequently, stress is minimized in the planar members 
16 adjacent to the weld, significantly reducing the 
5 tendency of the planar members 16 to separate from the 
port tubing 14 and cause channel leak. Further, as 
discussed above, there is minimal reduction in the 
dimension of the planar members 16 to help avoid 
processing difficulties. 

10 In a further attribute of the process, as sealing 

energy is continually applied to the interface area 26 
and pressure is applied to the flattened tubing 14, the 
outer layer 2 0 of the port tubing 14 continues to melt, 
allowing a portion of the outer layer 20 to flow and 

15 provide fillet material to the weld in the interface area 
26. This further improves the seal between the outer 
layer 20 and the planar members 16 because material can 
flow to fill any voids or gaps present between the outer 
layer 2 0 and planar members 16. 

20 FIGS. 5-7 illustrate the process of the present 

invention using shaped welding dies 32 ',34'. Generally, 
two different pairs of shaped welding dies are utilized. 
It may be desirable to use shaped welding dies 32', 34' 
when there is a small difference in the melting 

2 5 temperature ranges Tl and T2 such as less than 2 0°C. In 
such cases, there is a greater risk of inadvertently 
melting the inner layer 22 to itself during the sealing 
process . 

As shown in FIG. 5, each of the first pair of shaped 
30 dies 32', 34' has a trapezoidal -shaped portion 40. Figure 
5 shows the dies 32 ',34' in a partially "open condition. 
When the dies are closed (FIG. 6), the trapezoidal 
portions 4 0 confront each other in mirrored relation to 
form a first mold 42 that is dimensioned to accommodate 
35 the interface area 2 6 when the end portion 14a of the 



WO 98/00286 



PCT/US97/11584 



20 

port tubing 14 is collapsed to a flattened position 
between the planar members 16. The first mold 42 has a 
height HI and width Wl each respectively less than a 
height H and width W of the port tubing 14 when in a 
5 unconstrained flattened position as shown in PIG. 3. As 
further shown in FIGS. 5-6 , each of the first set of dies 
32' ,34' also has flat portions 44 extending on each side 
of the first mold 42 and additional inclined sections 46 
extending from the flat portions 44 of the dies 32' ,34'. 

10 As shown in FIG. 7, each of the second pair of 

shaped dies .32" ,34" has a rectangular-shaped portion 48. 
When the dies 32" ,34" are closed, the rectangular 
portions 48 confront each other to form a second mold 50. 
The second mold 5 0 is dimensioned to accommodate the 

15 interface area 26 when the end portion 14 a of the port 

tubing 14 has returned to a rounded position. The second 
mold 50 has a height H2 greater than HI but a width W2 
that is less than Wl. Thus, the interface area 2 6 is not 
compressed in the second mold 50. 

20 To seal the port tubing 14 in the container 12, the 

end portion 14a of the port tubing 14 is positioned 
between the planar members 16 of the container 12 to 
define the interface area 26. As shown in FIG. 5, the 
interface area 26 is then positioned between the first 

25 pair of dies 32 V, 34' in the first mold 42. FIG. 5 shows 
the dies 32', 34' in a partially opened position. 

FIG. 6 shows the dies 32', 34' fully closed, 
collapsing the port tube end 14a to essentially a 
completely flattened position. Because the height HI and 

3 0 width Wl of the first mold 42 are less than the height H 
and width W of the flattened port tubing 14 in an 
unconstrained position, the planar members 16 and port 
tube end portion 14a are compressed about a total 
periphery of the interface area 26 when the dies 32 ',34' 

3 5 close. Sealing energy is applied through the dies, 
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thereby forming a weld in the interface area 26. The 
planar members 16 are welded around an entire periphery 
of the port tube end portion 14a. The flat portions 44 
of the first set of dies 32', 34' seal portions 28 of the 
5 planar members 16 to seal the container 12 . It is also 
possible to apply sealing energy followed by collapsing 
the interface area 26. 

When the port tubing 14 is collapsed, the port 
tubing 14 has curved end members 36 (FIG. 5) . Channel 

10 leak is most likely to occur in the area of the curved 

end members 3 6 because a weld must be formed between the 
planar member 16 to a curved segment. Inclined surfaces 
46 of the dies 32', 34' are provided to apply pressure and 
sealing energies to the curved end members 3 6 to improve 

15 the seal between the port tubing 14 and planar members 
16 . 

Once sealed, the first set of shaped dies 32' ,34' are 
opened to release the pressure on the interface area 26 . 
The end portion 14a of the port tubing 14 then returns to 

2 0 a rounded or open position. The tubing 14 and planar 

members 16 are removed from between the dies 32', 34' and 
then, as shown in FIG. 7, are positioned between the 
second pair of shaped dies 32" ,34" . 

The second set of dies 32" ,34" seal an end of the 

25 container 12 to form a bottom wall of the container 12 . 
When the dies 32" ,34" are closed, the second mold 50 
accommodates the rounded shape of the port tubing 14 . 
Sealing energies are applied through the second pair of 
dies 3 2" ,34" to seal together, a second time, the portion 

30 28 of the planar members 16. Because the width W2 of the 
second moid 50 rs less than the width WI o± the f irst 
mold 42, portions of the planar members 16 closest to the 
interface area 26 are sealed again, further assuring no 
channel leaks will be present around the port tubing 14 . 

3 5 Once the second pair of dies 32", 34" has sealed the 
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planar members 16 a second time, the interface area 26 is 
removed from the dies 32", 34" and the sealing process is 
complete . 

FIG. 8 shows an additional set of shaped dies 52,54 
similar to the dies 32' ,34' in FIG. 6 which are adapted 
to simultaneously seal two port tubes 14 in a container 
according to the process of the present invention. 

It should be understood that it is possible to apply 
sealing energy to a die prior to collapsing the port tube 
14 or afterward depending on the welding techniques being 
used. 

By way of example, and not limitation, examples of 
the present invention will now be given illustrating the 
port tubes being sealed between planar members to form 
fluid containers. The materials in each of these 
containers are shown in the Table below. 

The tubing components were tumble blended and formed 
into tubing, with the exception of Example 2, in a 1 1/4 
inch Davis Standard Extruder and a Genca cross-head die. 
The tubing had an inner diameter of 0.103 inches and an 
outer diameter of 0.140 inches. The tubing components of 
Example 2 were made into tubing in a larger diameter 
extruder and die head to form tubing having an outer 
diameter of 0.4 inches. 

Each of the tubings were heat sealed between planar 
members, of the material set forth in the Table below, 
using a set of flat dies to form a fluid container. 

The containers were inflated with air and found to 
be air tight. Therefore, the containers did not 
experience channel leak. Further, the container of 
Example 6 was filled with water and centrifuged at 1,800 
xg for three hours without leakage or seal failure. 
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EXAMP • 
NUMBER 



1ST TUBING 
LAYER 



2ND TUBING 
LAYER 
(TIE) 



3RD 

TUBING 
LAYER 



PLANAR 
MEMBERS 



ULDPE 



NONE 



PVC 



LDPE\POLYE 
STER 



ULDPE 



ADMER 



PVC 



LDPE \ POL YE 
STER 



ULDPE 



ADMER 



POLYAMIDE 



POLYOLEFIN 
ALLOY I 1 



ULDPE 



ADMER 



POLYPROPY 
LENE 



POLYOLEFIN 
ALLOY I 1 



POLYOLEFIN 
ALLOY II 2 



ADMER 



PVC 



POLYOLEFIN 
ALLOY II 2 



POLYOLEFIN 
ALLOY II 2 



ADMER 



PVC POLYOLEFIN 
ALLOY 
II 2 /POLYST 
YRENE 

/ULDPE/dimer fatty acid 



Polyolefin alloy of polypropylene 
10 polyamide/SEBS 

2 Polymer blend of styrene- ethylene -butene-styrene ("SEBS") 
block copolymer (4 0% -85% by weight) , ethylene vinyl 
acetate (0-40% by weight) , and polypropylene (10%-40% by 
15 weight) 

While specific embodiments have been illustrated and 
described, numerous modifications are possible without 
departing from the spirit of the invention, and the scope 
of protection is only limited by the scope of the 
2 0 accompanying Claims. 
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CLAIMS 

1. A method for connecting rounded members between 
planar members comprising the steps of: 

providing a rounded member having an outer 
layer having a first melting temperature range and an 
inner layer concentrically disposed within the outer 
layer and having a second melting temperature range, the 
second melting temperature range being warmer than the 
first melting temperature range; 

providing a pair of opposed planar members, the 
planar members each having a melting temperature within 
the first melting temperature ranges- 
positioning an end portion of the rounded 
member between perimeter edges of the pair of planar 
members to define an interface area; 

applying pressure to the interface area to 
collapse the end portion of the rounded member to 
essentially a flattened position; 

applying sealing energy to the interface area 
to heat the rounded member to a temperature within the 
first melting temperature range but below the second 
melting temperature range, thereby forming a weld between 
the planar members, and the rounded member in the 
interface area; and, 

releasing the pressure to the interface area 
.wherein the end portion of the rounded member returns to 
an open position. 

2. The method of claim 1 including the step of 
f lowi-ng a portion of- the first layer of the rounded 
member to provide fillet material in a portion of the 
interface area. 



WO 98/00286 



PCTYUS97/11584 



25 

3 . The method of claim 1 wherein the collapsed 
rounded member has curved end segments and including the 
steps of applying pressure and sealing energy to the 
curved end segments. 

5 

4 . The method of claim 1 wherein a portion of the 
perimeter edges of the planar members extend beyond the 
interface area, the method further including the steps of 
applying pressure and sealing energy to the perimeter 
10 edges beyond the interface area to seal the planar 
members together . 

5 . The method of claim 4 wherein the steps of 
applying pressure and sealing energy to the perimeter 

15 edges beyond the interface area are done simultaneously 
with the step of forming a weld in the interface area. 

6 . The method of claim 4 wherein the steps of 
applying pressure and sealing energy to the perimeter 

20 edges beyond the interface area are carried out after the 
step of forming a weld in the interface area. 

7 . The method of claim 1 wherein the steps of 
applying sealing energy and pressure to the tubing in the 

25 interface area comprises the steps of: 
providing a welding die; 

supplying heating energy through the die; and 
closing the welding die. 

30 8. The method of claim 7 wherein the step of 

applying heating energy through the die is done before 
the step of closing the welding die. 
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9. The method of claim 7 wherein the step of 
applying heating energy through the die is done after the 
step of closing the die. 

10. The method of claim 7 wherein the welding die 
is a flat welding die. 

11. The method of claim 7 wherein the welding die 
is a shaped welding die . 

12. The method of claim 11 wherein a portion of the 
perimeter edges of the planar members extend beyond the 
interface area, the method further comprising the steps 

•of: 

providing a second shaped welding die being movable 
between an opened position and a closed position, the 
second welding die defining a mold while in the closed 
position, the mold being dimensioned to accommodate the 
tubing without compressing the tubing; and 

closing the second welding die to seal the perimeter 
edges extending beyond the interface area. 
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13 . A method of connecting a medical tubing to a 
medical container, the tubing having an outer layer with 
a first melting temperature range and an inner layer 
concentrically disposed within the outer layer and having 
5 a second melting temperature range, the second melting 
temperature range being warmer than the first melting 
temperature range, the container having opposed walls 
with perimeter edges and the walls having a melting 
temperature range within the first melting temperature 
10 range, the method comprising the steps of: 

positioning an end portion of the tube between 
the perimeter edges of the opposed walls to define an 
interface area; 

providing a welding apparatus having a die ; 
15 placing the interface area in the welding 

apparatus; 

activating the die to collapse the end portion 
of the tube between the perimeter edges; and, 

applying sealing energy through the die at a 
2 0 temperature within the first melting temperature range 
but less than the second melting temperature range 
forming a weld in the interface area. 

14 . The method of claim 13 wherein the welding die 
25 is a flat welding die, 

15. The method of claim 13 wherein the welding die 
is a shaped welding die. 

30 16. The method of claim 13 wherein the step of 

applying sealing energy includes flowing a portion of the 
outer layer of the end portion of the tubing to provide 
fillet material to the weld. 
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17. The method of claim 13 wherein the collapsed 
tubing has curved end segments and the method including 
the steps of applying pressure and sealing energy to the 
curved end segments. 

5 

18. The method of claim 13 wherein a portion of the 
perimeter edges of the planar members extend beyond the 
interface area, the method further including the steps of 
applying pressure and sealing energy to the perimeter 

0 edges beyond the interface area. 

19. The method of claim 18 wherein the steps of 
applying pressure and sealing energy to the perimeter 
edges beyond the interface area is carried out 

5 simultaneously with the step of forming a weld in the 
interface area . 

20.. The method of claim 18 wherein the steps of 
applying pressure and sealing energy to the perimeter 
0 edges beyond the interface area is carried out after the 
step of welding the interface area. 

21. The method of claim 13 wherein the step of 
activating the die to collapse the end portion of the 

5 tube between the perimeter edges is done before the step 
of applying sealing energy through the die. 

22, The method of claim 13 wherein the step of 
activating the die to collapse the end portion of the 

0 tube between the perimeter edges is done after the step 
of applying sealing energy through the die. 
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23 . A method for connecting rounded members between 
planar members comprising the steps of: 

providing a rounded member having a first 
melting temperature range and a fluid pathway; 
5 providing a pair of opposed planar members, the 

planar members each having a melting temperature within 
the first melting temperature range; 

positioning an end portion of the rounded 
member between perimeter edges of the pair of planar 
10 members to define an interface area; 

inserting a mandrel within the fluid pathway in 
the interface area; 

applying pressure to the interface area to 
collapse the end portion of the rounded member to 
15 essentially a flattened position; 

applying sealing energy to the interface area 
to heat the rounded member to a temperature within the 
first melting temperature range thereby forming a weld 
between the planar members and the rounded member in the 
20 interface area; and, 

releasing the pressure to the interface area 
wherein the end portion of the rounded member returns to 
an open position. 

25 24. The method of claim 23 wherein the step of 

applying pressure to collapse the end portion of the tube 
between the perimeter edges is done before the step of 
applying sealing energy to the interface area. 

3 0 25. The method of claim 2 3 wherein the step of 

applying pressure to collapse the end portion of the tube 
between the perimeter edges is done before the step of 
applying sealing energy to the interface area. 
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26. The method of claim 23 wherein a portion of the 
perimeter edges of the planar members extend beyond the 
interface area, the method further including the steps of 
applying pressure and sealing energy to the perimeter 

5 edges beyond the interface area to seal the planar 
members together . 

27. The method of claim 26 wherein the steps of 
applying pressure and sealing energy to the perimeter 

10 edges beyond the interface area are done simultaneously 
with the step of forming a weld in the interface area. 

28. The method of claim 26 wherein the steps of 
applying pressure and sealing energy to the perimeter 

15 edges beyond the interface area are carried out after the 
step of forming a weld in the interface area. 

29. A coextruded medical grade port tubing 
comprising : 

20 an outer layer selected from the group of 

polyolefin, polyolefin copolymers, and polyolefin alloys, 
the outer layer having a first melting temperature range; 
and 

an inner layer selected from the group of 
25 polyolefins, polyolefin copolymers, polyolefin alloys, 

polyamides, polyesters, polyvinyl chloride and polyester- 
polyether block copolymers, the inner layer having a 
second melting temperature range, the second melting 
temperature range being warmer than the first melting 
3 0 temperature range. 



30. The tube of claim 29 further comprising a tie 
layer positioned between the inner layer and the outer 
layer. 
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31. The tube of claim 29 wherein the outer layer is 
a polyolefin copolymer from the reaction of an olefin 
copolymerized with a comonomer selected from aliphatic 
olefins, alpha-olef ins , acrylic acid, methacrylic acid, 
5 ester derivatives of acrylic acid with alcohols having 1- 
10 carbons, ester derivatives of methacrylic acid with 
alcohols having 1-10 carbons, vinyl acetate, vinyl 
chloride and vinyl alcohol. 

10 32. The tube of claim 31 wherein the outer layer is 

an ethylene copolymerized with a comonomer selected from 
the group of alpha-olef ins, methyl acrylate, and vinyl 
acetate . 

15 33. The tube of claim 32 wherein the outer layer is 

an ultra-low density polyethylene. 

34. The tube of claim 33 wherein the inner layer is 
polyvinyl chloride . 

20 

35. The tubing of claim 29 wherein the inner layer 
has a thickness from of 0.0001-0.010 inches, and the 
outer layer 20 should have a thickness within the range 
of 0.005-0.015 inches. 

25 

36. A coextruded medical grade port tubing 
comprising : 

an outer layer selected from the group of 
polyolefin, polyolefin copolymers, and polyolefin alloys, 
30 the outer layer having a first melting temperature range; 
and 

an inner layer of a radio frequency susceptible 
compound, the inner layer having a second melting 
temperature range warmer than the first melting 
3 5 temperature range . 
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37. The tubing of claim 3 6 wherein the radio 
frequency susceptible compound is selected from the group 
consisting of ethylene copolymers having 50-85% ethylene 
content with at least one comonomer selected from the 
5 group consisting of acrylic acid, methacrylic acid, ester 
derivatives of acrylic acid with alcohols having l-io 
carbons, ester derivatives of methacrylic acid with 
alcohols having 1-10 carbons, vinyl acetate, and vinyl 
alcohol . 

0 38. The tube of claim 36 wherein the radio 

frequency susceptible compound may be selected from a 
second group consisting of copolymers containing segments 
of polyure thane, polyester, polyurea, polyamide, 
polysulf ones, and polyamides. 
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